With a few exceptions, the literature on face recognition and its neural basis derives from the presentation of single faces. However, in many ecologically typical situations, we see more than one face, in different communicative contexts. One of the principal ways in which we interact using our faces is kissing. Although there is no obvious taxonomy of kissing, we kiss in various interpersonal situations (greeting, ceremony, sex), with different goals and partners. Here, we assess the visual cortical responses elicited by viewing different couples kissing with different intents. The study thus lies at the nexus of face recognition, action recognition, and social neuroscience. Magnetoencephalography data were recorded from nine participants in a passive viewing paradigm. We presented images of couples kissing, with the images differing along two dimensions, kiss type and couple type. We quantified event-related field amplitudes and latencies. In each participant, the canonical sequence of event-related fields was observed, including an M100, an M170, and a later M400 response. The earliest two responses were significantly modulated in latency (M100) or amplitude (M170) by the sex composition of the images (with male-male and female-female pairings yielding faster latency M100 and larger amplitude M170 responses). In contrast, kiss type showed no modulation of any brain response. The early cortical-evoked fields that we typically associate with the presentation and analysis of single faces are differentially sensitive to complex social and action information in face pairs that are kissing. The early responses, typically associated with perceptual analysis, exhibit a consistent grouping and suggest a high and rapid sensitivity to the composition of the kissing pairs. NeuroReport 26:850-855
Introduction
It is a remarkable fact about the human visual system that we can make complex and subtle judgments about visual scenes despite rather brief exposures. If we consider, for example, the enormous body of research on face recognition and its neural implementation (see, e.g. perspectives in [1] [2] [3] ), the presentation of a face for no more than, say, 200 ms elicits in observers' judgments about sex, race, age, beauty, health, communicative intent, and other attributes. The vast majority of this literature derives from the study of single faces, and indeed, computationally explicit and biologically well-motivated models of face recognition have been derived from the rich body of research on human face processing [4, 5] . This research has lent itself to precisely controlled stimuli, permitting generalizations about how low-level vision informs face and object recognition.
Notwithstanding the impressive amount of existing data on face processing, it must be noted that a significant amount of naturalistic experience with facial information derives from seeing multiple heads/faces at the same time. A significant proportion of our lives involves exposure to groups, or at least more than one individual at a time; however, remarkably, data on how more than one face in a visual scene is processed are almost entirely absent. Although the literature on face recognition and identification is immense -and immensely influential in cognitive science and neurosciences -the literature on seeing multiple faces is, at best, sparse. This is all the more surprising in that two of the most salient aspects of human interaction involve two or more participants: communication and physical intimacy. Given the centrality of these activities, in the present study, we begin in a preliminary manner investigation of the question of how observers' brains respond to images of couples kissing, a human action that we take to be paradigmatic of physical intimacy and of considerable general interest [6] .
There does exist literature that describes the neuronal responses elicited in observers viewing erotic images [7, 8] .
However, those studies are dealing with a rather more complex stimulation paradigm, investigating in particular neural responsivity to sex. Here, we study a more circumscribed question, namely, how images of kissing couples are processed in the human visual brain. We build on established findings describing the series of responses elicited by complex visual stimuli such as faces, including the large cortical responses around 100 ms after stimulus onset, the widely studied 170-ms response, and later neurophysiological response patterns [9, 10] .
Investigating the neural responses to the presentation of more than one face at a time is a potentially helpful step in the characterization of how naturalistic visual scenes are processed in the human brain. We are, in part, motivated by arguments in favor of a cognitive ethological approach [11] . Such a stance can enrich the relevant empirical basis underlying our theorizing; we aim to explore the processing of complex scenes, notwithstanding the obvious challenges that make controlled experimentation challenging with stimuli depicting natural scenes.
Although this study is motivated by the literature on face processing -and, admittedly, by raw curiosity about what occurs neurophysiologically when viewing kisses -the experiment lies at the intersection of three areas of research: face processing, the recognition of human actions, and social neuroscience. The cognitive neuroscience literature on action recognition, the second most relevant domain of research, is extensive and growing [12, 13] . Although this area of research has been highly popular, it is not yet clear to what extent lasting mechanistic insights have been generated. A lot of focus is devoted to various forms of 'motor theories', partly because of presuppositions about the putative role of mirror neurons in action understanding, a concept received with much enthusiasm but meriting careful critical examination [14] .
The third research area that directly underlies the present work is social neuroscience. There is growing interest in characterizing the neurobiological mechanisms that form the basis of social interaction in various contexts [15] [16] [17] [18] . This research ranges over an enormous set of human experiences and includes, crucially, affiliative behavior, pair bonding, and the intent conveyed by human faces and bodies, including, of course, kissing. The study we describe here presents the first incremental step in the direction of investigating the neurophysiological foundations of processing complex social configurations, specifically kissing. As such, this experiment lies at the nexus of social neuroscience, human action recognition, and the processing of faces.
We conducted a magnetoencephalography (MEG) study in which we presented observers with black and white images of nine different couples kissing. The images differed along two dimensions: first, the couples were female-female, female-male, or male-male; second, the kiss type (or kiss 'intensity') had three levels, with the kiss either being erotic, indicating a committed relationship (e.g. a couple), or indicating friendship (e.g. greeting). We hypothesized that the responses typically associated with the visual presentation of faces will be visible -that is, the M100 and M170 responses (and any later response), given that two faces should (at least) elicit the same response as one face. Furthermore, we evaluated whether the two dimensions of variation would modulate the responses. Remarkably, one dimension of variation significantly affected the early (M100, M170) responses, suggesting that quite complex social and physical information is, at least in part, reflected in early cortical responses.
Methods

Participants
Nine participants (five female; mean age 29.1 years, range 20-34 years) underwent MEG recording after providing written informed consent according to requirements of the New York University Committee on Activities Involving Human Subjects. All the participants had normal or corrected-to-normal vision and no known neurological abnormality.
Stimuli
Nine different images of couples kissing were presented during scanning. The black and white pictures depicted couples kissing in one of three ways (types): erotic kissing (erotic), kissing in the context of a committed relationship (relationship), and kissing in the context of being friends (friendship). For each of these three categories of kisses, we selected male-female, female-female, and male-male couples.
The images were drawn from a selection of hundreds of images available on the internet. The selected images were made available online and rated by more than 380 raters providing online survey data (data collected by S.R. K.). The nine images yielding the most robust categorical ratings across viewers (for kiss type, i.e. erotic/ relationship/friendship) were selected as the stimuli for the MEG experiment. The materials were designed to measure and evaluate a potential taxonomy of kissing, with this experiment including kiss type (three levels) and couple type (three levels) as factors.
The visual stimuli were presented on a rear projection screen inside the magnetically shielded room. The image size was 22°(horizontal) × 16°(vertical) visual angle. A central fixation cross was presented for 300 ms; each image was then presented for 750 ms. The following intertrial interval was jittered between 300 and 500 ms. Each of the nine stimuli was presented 40 times, for a total of 360 trials, pseudorandomly interleaved. Participants pressed a response button to advance to the next image.
Recording
Participants were supine in the scanner, with the screen above them and with response boxes in each hand. Neuromagnetic data were acquired using a 160-channel, axial gradiometer whole-head MEG system (KIT, Kanazawa, Japan). Data were recorded continuously, sampled at 1000 Hz (recording bandwidth DC-200 Hz, with an online notch filter at 60 Hz).
We did not have access to structural MRI images of these participants. Consequently, we did not carry out source localization analyses. Because we focused on the temporal and amplitude modulations of well-known responses with known source locations (M100, occipital; M170, fusiform; M400, distributed or posterior temporal; cf. Di Russo et al. [10] for such data), we did not pursue such analysis at all in this study.
Analysis
Suprathreshold visual stimuli elicit a cascade of evoked responses (event-related fields, in MEG terminology), including prominent responses with latencies at around 100 and 150-200 ms after stimulus onset. The M100 and M170 responses are argued to be generated in the occipital cortex and fusiform gyrus, respectively. Furthermore, a broadly distributed late response, between 300 and 600 ms, can also vary as a function of stimulus. Because this is a purely event-related field study (and not concerned with source localization), we focus on the amplitudes and latencies of the two early responses (M100 and M170), and the overall amplitude of the later response (M400).
The raw data were first noise reduced using the continuously adjusted least squares method (CALM) [19] and then broken into epochs by stimulus type. Epochs were inspected for any artifact (epochs with signal exceeding 2 pT were excluded) before selective averaging. Averaged data files were baseline corrected (100 ms prestimulus period) and low-pass filtered (20 Hz, Hamming window FIR). For each participant, we then analyzed two different channel groupings. In one analysis, we assessed the response across all 157 channels; in a second analysis, we focused on the 111 posterior channels, in view of the fact that this is a visual study, and we aimed to focus on coverage of visual cortical areas. To identify response peaks and latencies across channels for each participant, we calculated the root mean square (r.m.s.) as a metric to summarize the response profile. For each canonical evoked response, the amplitude was normalized within participants and across all conditions as a percentage above or below the mean response. This allowed us to compare across participants in a standard space that compensated for interparticipant variability in the response profiles. The same procedure was performed for the latencies of the first two (M100 and M170) evoked responses. The M400 response was calculated by taking the average of the r.m.s. between 300 and 600 ms and then normalizing each condition's response to each participant's overall response (as in the M100 and M170 response analysis).
The latencies and amplitudes of the evoked fields were analyzed using repeated measures analyses of variance (ANOVAs) on the R platform (http://www.R-project.org).
Results
Every image elicited in every viewer a cascade of evoked responses with stereotypical morphologies and timings. Two responses earlier in the cortical processing stream, at ∼ 100 and ∼ 170 ms after stimulus onset, as well as a later (300-600 ms) broad response could be identified for quantitative characterization for each participant (see Fig. 1 for one participant's average data).
We analyzed each of these response patterns separately, in two different analyses. In one, we included all 157 channels (whole-head analysis), and in the other, we included only 111 posterior channels (posterior analysis). The analyses yielded almost entirely congruent results; consequently, we focus here on the posterior analysis for visualization.
For each of these responses, we picked the peak value across channels (r.m.s.) to analyze latency and amplitude modulations (using a repeated measures ANOVA). Each response peak was in fact modulated in a selective manner by the stimulus materials, as quantitatively illustrated in Figs 2 and 3. Figure 2 depicts the findings for the factor 'kiss type', Fig. 3 for 'couple type'. We examined the neural response (r.m.s.) during three different canonical time periods (∼100 ms: M100, ∼ 200 ms: M170, and 300-600 ms: M400). For both latency and amplitude, 3 × 3 ANOVAs were carried out for the two withinsubject factors: kiss type (friendship, relationship, and erotic) and couple type (male/female, male/male, and male/female). Kiss type (Fig. 2) did not show any compelling response modulation in latency or amplitude at any time point probed. In contrast, couple type (Fig. 3) showed significant effects at two of the three tested time points. Examination of the M400 revealed no significant effects of kiss type [F(2,16) = 0.17, P = 0.84] or couple type [F(2,16) = 2.2, P = 0.14], and no interaction between the two [F(4,32) = 0.85, P = 0.5], although there was a notable trend for amplitude for the factor couple type (Fig. 3) .
A schematic summary of the results is provided in Fig. 4 . The M100 response showed a significant foreshortening in latency, with the male-male pairs showing shorter latencies than the other two pairs. The M170 showed a significant amplitude modulation, with the male-male pairs yielding significantly larger amplitude responses than the other two pairs. Finally, the late M400 response showed a nonsignificant trend for amplitude increase, with male-male pairs showing the highest amplitudes, 
Discussion
In this experiment, the participants looked at nine different images of couples kissing while undergoing MEG recording. The images fell into two independently established and rated dimensions. One dimension was characterized by the type or intensity of the kiss (erotic, relationship, friendship) -kiss type. The second dimension was defined by the sex composition of the kissers (female-female, female-male, male-male) -couple type. Our data show one clear generalization: in the earlier (M100, M170) physiological response patterns, we observed a significant modulatory effect of the couple type in the images. In contrast, the factor 'kiss type' was not associated with any response modulation of the neuromagnetic fields. The late, M400-like response showed a nonsignificant trend in the same direction. Overall, the male-male couple images were associated with significant latency facilitation and amplitude enhancement. Whereas we approached this experiment hypothesizing to find a potential taxonomy of kissing, we instead observed an effect of the sex composition of couples, independent of kiss type.
The visual cortical responses early in time and early in the visual hierarchy are typically associated with lower- The task structure is displayed aligned to the example evoked potential in (a). The fixation cross was presented for 300 ms, followed by the image for 750 ms. The interstimulus interval (ISI) was randomly varied between 300 and 500 ms. level, perceptual aspects of visual tasks, whereas later responses are associated, unsurprisingly, with more cognitive contributions and evaluative aspects of processing. For example, the M100 response (or the EEG P100) is sensitive to signal attributes such as size or luminance [20, 21] ; the late M400 ( ∼ N400) response reflects properties such as typicality or visual congruency of an image [22] [23] [24] . However, the M100 response (and in EEG, the N1 and P1) has also been shown to be sensitive both to task demands and higher-level signal attributes [21, 25] , underscoring their role in the processing of complex natural scenes.
Our data support the view that responses early in the processing stream can reflect, surprisingly, high-order properties of natural scenes that incorporate faces, action, and social cues/social attention. How we recognize and process faces is of major significance, and the literature on this is immense. How we process faces in action is much less well understood. It is particularly surprising how little we know about communicative contexts. This study lies at the interface of face perception and action recognition. Whereas the vast majority of the literature on faces works with the presentation of single tokens, this study differs in presenting two faces/ heads concurrently.
What underlies the observed effects? A weakness of this study is that the materials are not optimally controlled, which means there remains the potential for purely stimulus-driven effects. Although there were no obvious differences that we could detect between image types (size, mean luminance, spatial frequency content, etc.), we cannot rule out the fact that accidental visual properties in the images or higher-order statistical properties led to the observed grouping of patterns. To eliminate such an explanation, one would have to use actors and create the stimuli de novo, controlling for as many factors in an image as is practical and doable for natural scenes. The price one pays for working with naturalistic stimuli is reduced stimulus control, and one must weigh the alternatives relative to the hypothesis at stake. Here, we erred on the side of naturalism.
The two hypotheses we favor -and which we cannot disentangle here -are linked, on the one hand, to attentional factors in the analysis of complex scenes and, on the other hand, to current ideas of predictive coding. First, it is well established that visual attention can modulate even the earliest neuronal responses [25] , and it is conceivable that the stimuli we used differentially recruited attentional mechanisms. The patterns that we observed are consistent with relatively predictable assumptions of what viewers might group together; it is plausible that same-sex couples engaged rapid attentional systems more effectively. Second, a different (if related) explanation would derive from predictive, expectancydriven theories. Viewers construct internal mental models of complex scenes that interact with their priors (in a Bayesian sense) about the nature of the visual world. Early cortical responses are modulated by visual analysis in such contexts. It is conceivable that the typicality or frequency of a visual scene drives modulatory effects in a predictive manner [26] . However, as is the case for stimulus-driven, feed-forward accounts of these data, specific designs would be needed to address top-down, Relative amplitude and latency effects for the factor couple type. There was a significant effect of the M100 amplitude (top panel) for couple type, driven by the response to the male-male images. There was an amplitude effect of the M170 (bottom panel) that was also driven by the male-male images. There was also a trend toward significance for the M400 amplitude. Female−female Male −male Female−male A schematic summary of the results. There is a dissociation between latency effects (M100) and amplitude effects (M170 -*significant result at that peak). Both are driven by the male-male images. feedback, attentional or predictive theories. In any case, studying kissing provides one way to investigate how faces and heads interact in one of the most exciting, compelling, and important human actions.
Conclusion
Using images that differed along couple type (femalefemale, female-male, or male-male) and kiss type (erotic, a committed relationship, and indicating friendship), we first demonstrated that the visually evoked responses to multiple faces were in fact quite similar to the canonical evoked responses to single faces. We further showed that each of the evoked potentials was affected by couple type, but not kiss type. The M100 response had a shorter latency for male-male images, whereas the M170 amplitude was higher for the same image type. The M400 response had a nonsignificant amplitude effect for couple type. Taken together, these data suggest that early evoked visual responses are selective for visual scenes of complex social interaction.
Therefore, empirically studying kissing provides one way to investigate how faces and heads interact in one of the most exciting, compelling, and important human actions.
